We have investigated the molecular basis for differences that we observed in the biological activities of genetically related but distinguishable human papillomavirus type 6 (HPV-6) subtypes. To analyse tissue-specific differences in replication and transcription, and to identify viral gene products important in the benign transformation of epithelial cells, we have modified procedures utilizing guanidinium isothiocyanate and density gradient centrifugation to facilitate the extraction of relatively undegraded D N A and RNA from 21 biopsy specimens of respiratory tract papillomata. Southern transfer analysis was used to characterize the viral genome, and to demonstrate that relative quantities of viral D N A in lesions varied but that the range was similar in lesions induced by HPV-6c, -6d, -6e and -61". Dot blot analysis of the amount of viral RNA in comparison with the amount of 28S ribosomal RNA indicated that the relative level of viral RNA in each lesion varied considerably and that on average there was approximately twice as much viral RNA in HPV-6c-induced lesions as in HPV-6d-, -6e-or -6f-induced lesions. In dot blot and Northern analyses, hybridization of RNA from HPV-6c-induced lesions with HPV-6c DNA gave a stronger signal than hybridization of the same RNA with an HPV-6e probe, and vice versa. These differences in hybridization intensities with subtype-specific probes indicate that the most abundant RNA species are transcribed from parts of the genome that show sequence divergence between these two subtypes. Northern analysis demonstrated the predominant viral transcript to be about 1200 nucleotides in length in lesions induced by each of the four subtypes.
INTRODUCTION
Respiratory papillomatosis has been shown to be the result of infection by the same papillomaviruses that infect the genital tract Gissmann et al., 1982; Steinberg et al., 1983) , and we have identified four subtypes of human papillomavirus type 6 (HPV-6) in respiratory tract lesions (Mounts & Kashima, 1984) as well as in genital tract lesions (Mounts et al., 1985) . Subtypes are defined as isolates that have greater than 50~ nucleic acid homology in hybridization assays but are distinguishable on the basis of restriction enzyme digestion patterns. One of the subtypes, HPV-6c, has been identified in more than half the cases of respiratory papillomatosis and has been associated with more severe disease as indicated by spread of lesions throughout the respiratory tract and the frequency of surgery needed to maintain an open airway (Mounts & Kashima, 1984) . In the genital tract, HPV-6e, which also occurs in the respiratory tract, is more common than the other subtypes in lesions which recur and are resistant to conventional therapy (Mounts et al., 1985) . Such differences in the clinical and epidemiological behaviour of these genetically related but distinguishable viruses suggest that among the subtypes there may be differences in viral gene expression which are important in the pathogenesis of infection.
HPV-6 infection of the respiratory tract stimulates a proliferation of epithelial cells that results in blockage of the airway. However, the papillomavirus gene product(s) that is 0000-8223 © 1988 SGM P. WARD AND P. MOUNTS responsible for initiating and maintaining cell division has not been identified. Genetic analyses of bovine papillomavirus (BPV), which causes benign papillomas in cattle (Olsen et al., 1969) and fibroblastic tumours in mice (Boiron et al., 1964) , and which can transform mouse cells in vitro (Dvoretzky et al., 1980) , are beginning to localize functional activities on the viral genome, such as plasmid maintenance and copy number control (Sarver et al., 1984; Lusky & Botchan, 1985) and transcriptional regulatory elements (Spalholz et al., 1985) . From the DNA sequence of BPV-1, potential viral genes of more than 300 bases in length have been predicted from the open reading frames (ORFs) designated E1 to E8, L1 and L2 (Chen et al., 1982) . Northern analysis of RNA in BPV-l-induced tumours in hamsters has identified the predominant hybridizing species as being 1100 to 1300 nucleotides in size (Amtmann & Sauer, 1982; Freese et al., 1982) and BPV-1-transformed mouse cells have a major transcript of about the same size (Amtmann & Sauer, 1982; Heilman et al., 1982) . Hybridization with subgenomic probes indicated that these major transcripts are transcribed from the El, E2, E4 and E5 regions of the viral genome.
Analyses of HPV are impeded by the inability of epithelial cell cultures to support viral replication or to undergo transformation. Possible viral gene products can be predicted from the DNA sequence and Schwarz et al. (1983) have identified nine ORFs in HPV-6b designated El, E2, E4, E5a, E5b, E6, E7, L1 and L2. However, to identify viral gene products it is necessary to characterize viral transcripts in naturally occurring lesions. Viral RNA in HPV-6-induced genital tract lesions has been examined. Lehn et al. (1984) were able to detect viral transcripts in seven condylomata acuminata and Buschke-LSwenstein tumours. They found one major transcript of 1.4 kb and less abundant transcripts of 1-7, 1.85, 2.7 and 3-2 kb. Hybridization with subgenomic fragments indicated that the predominant transcript is transcribed from the E 1, E2, E4 and E5 regions of the viral genome. Some of the less abundant transcripts were encoded by the L1 and L2 regions of the viral genome. Chow et al. (1987) have used R-looping and electron microscopy to analyse viral RNA in an HPV-11-induced vulvar condyloma and in an HPV-6-induced anal condyloma of a male. RNA from each of the early and late ORFs was seen in structures that indicated multiple splice donor and acceptor sites as well as alternative promoters and polyadenylation sites. In addition, Chow et al. (1986) used a drosophila heat shock promoter to drive HPV-6b expression in monkey cells transformed by simian virus 40 (SV40), and analysed the RNA by R-looping and electron microscopy. From the early region, four transcripts with different splicing patterns covering all of the ORFs were seen while no transcripts were observed from the late ORFs.
There has been no information on viral transcripts in HPV-6-induced lesions of the respiratory tract. We were interested in identifying viral gene products that may be important in the pathogenesis of HPV-6 infections and in determining whether tissue-specific differences that we have observed in the biological activities of genetically related but distinguishable HPV-6 subtypes are a result of differences in their replicative and transcriptional activities. For these investigations we have developed a method for isolating DNA and RNA in good yield from biopsy specimens of respiratory tract lesions. Southern (1975) transfer analysis has been used to identify the viral genome and determine relative quantities of viral DNA in lesions induced by each of the four HPV-6 subtypes. Dot blots and Northern analyses have been used to determine the quantity and size of viral RNA in the lesions. The most abundant species of viral RNA in 15 of 21 papillomata in which discrete size classes of viral RNA could be detected was 1200 nucleotides.
METHODS
Extraction of nucleic acids from biopsy specimens. Biopsy specimens of respiratory tract papillomata were collected from vocal cords or tracheae of patients with recurrent respiratory papillomatosis, and snap-frozen in liquid nitrogen. To isolate nucleic acids from this frozen tissue, we modified the guanidinium isothiocyanate extraction and the caesium chloride density gradient fractionation methods (Glisin et al., 1974; Chirgwin et al., 1979) . Frozen tissue samples were ground in a glass homogenizer containing 0.2 ml of 6.0 M-guanidinium isothiocyanate, 0.1 ra-2-mercaptoethanol, 0-5 % Sarkosyl and 0.02 M-EDTA, pH 7.0. The homogenizer was rinsed with an additional 0.6 ml of the above solution, and 0.32 g of CsC1 was added to the homogenate to bring the solution to about 2-3 M-CsC1. The homogenate was layered onto a step gradient consisting of a bottom layer of 0.4 ml of 6.0 M-CsCI in 0-1 M-EDTA, pH 7-5 and an upper layer of 0.8 ml of 5.'1 M-CsCI in 0.1 M-EDTA, pH 7-5. After the tissue homogenate had been layered onto the gradient, the centrifuge tube was filled to the top with a fourth layer consisting of 6.0 M -guanidinium isothiocyanate, 0.1 M-2-mercaptoethanol, 0.5 ~ Sarkosyl, 0.02 M-EDTA, pH 7.0 and 1.9 M-CsC1. Centrifugation was at 35000 r.p.m, for 24 h at 20 °C in a Beckman SW50.1 rotor.
Fractions were collected manually from the top and aliquots from each were electrophoresed on a 1 ~ agarose gel which was then stained with ethidium bromide to identify fractions containing DNA and RNA. Fractions containing either DNA or RNA were pooled separately, and nucleic acids were precipitated with 2.5 vol. of ethanol. Since further purification was essential, proteinase K digestions, organic solvent extractions and alcohol precipitations were performed.
Northern analysis of RNA. Samples of 3 ~tg of total RNA stored in ethanol were precipitated, dried under vacuum, dissolved in 8.0 ~tl of 56~ formamide in formamide buffer (6'4~o formaldehyde, 20 mM-MOPS, 5 mMsodium acetate, 1 mM-EDTA), incubated for 10 min at 63 °C, and chilled on ice. DNA size markers were restriction digests of pSVB3, a recombinant of the SV40 genome cloned at the BamHI site of pBR322 (Peden et al., 1980) . Samples were fractionated according to size on a 1.3~ agarose gel containing 7-1 ~ formaldehyde in MOPS buffer (20 mM-MOPS, 5 mM-sodium acetate, 1 mM-EDTA, pH 7.0) as described by Goldberg (1980) . After electrophoresis, gels were soaked for 30 min in 20 × SSC (3.0 M-sodium chloride, 0.3 M-sodium citrate) and transferred to nitrocellulose (Schleicher & Schuell) as described by Thomas (1980) . Filters were baked in vacuo at 80 °C for 2 h and incubated in 10 mM-Tris-HC1 pH 7.2, 1 mM-EDTA, 1 M-NaCI, 10 × Denhardt's (1966) solution for 4 h at 65 °C. Hybridization for 60 h at 68 °C with 2 x 106 Cerenkov c.p.m, of probe was in 0.72 M-NaC1, 0.09 Msodium citrate, 0.078 M-KHzPO4 pH 6.8, 0.012 M-EDTA, 0.5~ SDS and 10 × Denhardt's solution. Probes were radioactively labelled to a specific activity of 1 x 10 s to 2 x 108 Cerenkov c.p.m./~tg by nick translation in vitro (Mounts & Kelly, 1984) . Filters were washed to remove non-specifically bound probe and to obtain defined stringencies as we described previously (Peden et al., 1982) . Filters were air-dried and exposed to Kodak XAR film, typically for 4 days, at -70 °C with Dupont Lightning-plus intensification screens.
Molecularly cloned HP¥-6e was used as a subtype-specific probe in hybridizations with nucleic acids extracted from lesions induced by HPV-6d, -6e and -6f. The plasmid pHP6e/gt contains the viral genome of HPV-6e, isolated from a genital tract papilloma, which was inserted at the HindIII site ofa pBR322 derivative as described previously . No regions of mismatch between HPV-6e and HPV-6d or HPV-6f are detectable by heteroduplex analysis in the electron microscope under stringent conditions at Tm -17 °C (L. Metcalfe and P. Mounts, unpublished results). Molecularly cloned HPV-6c was used as a subtype-specific probe in hybridizations with nucleic acids extracted from lesions induced by HPV-6c. The plasmid pHP6c/gt contains the viral genome of HPV-6c isolated from a genital tract papilloma, which was inserted at the BamHI site ofa pBR322 derivative (L. Metcalfe & P. Mounts, unpublished results) . No regions of mismatch between HPV-6c and HPV-6d or -6f were detectable by heteroduplex analysis in the electron microscope under moderately stringent conditions at Tm -28 °C (L. Metcalfe & P. Mounts, unpublished results) .
Dot blot hybridization. Samples (1 ~tg) of total RNA were precipitated, dried under vacuum, and dissolved in 5.0 ~tl of 2.25 M-NaC1, 0"225 M-sodium citrate, 7"4~ formaldehyde and 0.01 M-NaH2PO4. H20/Na2HPO4. H20 pH 7.4. Samples were loaded manually and allowed to flow into the nitroceUulose by capillary action to produce a dot with a small surface area. Dot blot filters were air-dried, baked, pretreated, hybridized and washed as described above. To assess the relative amounts of viral RNA in different papillomata, dot blots were rehybridized with 28S human ribosomal DNA (Erickson et al., 1981) labelled in vitro by nick translation. The strength of the HPV RNA hybridization compared with that of the ribosomal RNA hybridization gave a ratio indicating the relative proportion of viral RNA to total RNA in each sample. The strength of the signal was calibrated according to the method of Suissa (1983) by eluting the silver grains, which are proportional to the amount of hybridization, from the autoradiogram.
RESULTS

Extraction of nucleic acids
It was necessary to modify published methods for RNA isolation in order to extract simultaneously both RNA and DNA from small pieces of respiratory tract tissue. The step gradient with four layers, described in Methods, gave acceptable yields of clean DNA and RNA. The 1-9 i concentration of CsC1 in the uppermost layer of the gradient causes proteins and lipids to rise towards the top of the centrifuge tube. The 6-0 M concentration of guanidinium isothiocyanate, also in the uppermost layer, may aid dissociation of nucleic acids from the rising protein fraction. The 6.0 M-CsCI cushion at the bottom of the tube keeps most RNA in suspension, which facilitates recovery. Fig. 1 shows an ethidium bromide-stained 1 ~ agarose gel in which lane 1 contained homogenate before centrifugation and lanes 2 to 14 contained material from each 0.2 ml gradient fraction. Fractions above 14, collected from the 1.9 M-CsC1 layer, contained no ethidium bromide-staining material. High Mr cellular D N A was the slowest migrating species, and was concentrated in lanes 10 and 11 but was also present in lanes 8, 9 and 12. However, some DNA was found in every fraction from 2 to 12, as can be seen by the discrete high Mr band. The bulk of the RNA was located by the position of ribosomal RNA. The 28S and 18S ribosomal RNAs were concentrated in lanes 4 and 5 but were also visible in lane 3. RNA was generally extracted from the 0.8 ml at the bottom of the gradient as represented in lanes 2 to 5. Fig. 1 is a representative example of the distribution of material in the CsC1 gradients. Since slight variation between gradients was observed, samples from each gradient were analysed by gel electrophoresis to identify those fractions containing the RNA and DNA.
Analysis of papillomavirus genomes in biopsy specimens
It was necessary to determine whether, in these CsC1 gradients, the small circular viral genome appeared in the same fractions as the linear host genome that was present in sufficient quantities to be used as a marker for DNA. Southern (1975) transfer analysis of samples taken from gradient fractions and size-fractionated by agarose gel electrophoresis as shown in Fig. 1 indicated that the supercoiled, open circular, and linear forms of HPV DNA, as detected by hybridization, were present in the same fraction as the bulk of the human D N A that was visible by ethidium bromide fluorescence (data not shown).
DNA recovered from the CsC1 gradient fractions and purified as described in Methods was used to examine the papillomavirus genome present in the biopsy specimens. As described previously (Mounts & Kashima, 1984) , D N A was digested with restriction enzymes (BamHI, EcoRI, HindlII, HpaI and PstI) to distinguish between the HPV-6 subtypes, and the viral genome was detected by Southern transfer hybridization with molecularly cloned probes labelled in vitro by nick translation. An example of the hybridization patterns obtained for each of the four HPV-6 subtypes that we identified in respiratory papillomata is shown in Fig. 2 .
HpaI digestion distinguished HPV-6c (lane 1) from HPV-6d (lane 2) and HPV-6e or HPV-6f (lanes 3 and 4, respectively). Digestion with EcoRI, which does not cut HPV-6c, -6d or -6e, distinguished HPV-6e (lane 5) from HPV-6f (lane 6), which contains one EcoRI site. The relative quantity of viral D N A present in the lesion was assessed by Southem transfer hybridization. D N A was digested with BamHI, which cuts each of the HPV-6 subtypes once and therefore converted the viral D N A to a linear molecule that was contained in a single band. Hybridization with homologous probes indicated that there was no correlation between HPV-6 subtype and amount of viral D N A present in the lesion. The autoradiograms shown in Fig. 2 compare levels of hybridization observed in five papillomata induced by HPV-6c (lanes 7 to 1 l) and five papillomata induced by HPV-6e (lanes 12 to 16). The filter containing D N A from HPV-6c-induced lesions was hybridized with radiolabelled HPV-6c D N A that had been molecularly cloned from a genital wart (pHP6c/gt; L. Metcalfe & P. Mounts, unpublished results) . Similarly, the filter containing D N A extracted from HPV-6e-induced lesions was hybridized with radiolabelled HPV-6e D N A that had been molecularly cloned from a genital wart (pHP6e/gt; Mounts et al., 1982) . Also present on this filter in lane 18 was a reconstruction of pHP6e/gt with human placental D N A at 0.1 copy per cell genome equivalent, where hybridization to the 8 kb viral genome and 3.4 kb vector was visible. Human placental D N A is shown in lane 17.
The results shown in Fig, 2 demonstrate that the quantity of viral D N A in the lesions was variable. Based on a comparison of the intensity of hybridization of the standard in lane 16, the amount of viral D N A ranged from fewer than a single copy to about 100 copies per cell. However, there appeared to be no difference in the range seen for HPV-6c-induced lesions compared to HPV-6e-induced lesions. Similar results have been obtained in analyses of D N A purified by protease digestion and organic solvent extractions without CsC1 density gradient fractionation, as described previously (Mounts et al., 1982) . Judging from the quantity of viral P. WARD AND P. MOUNTS D N A produced, the results suggest that HPV-6c does not replicate more efficiently than the other HPV-6 subtypes in respiratory tract infections.
Viral RNA in gradient fractions
Northern analysis was performed to compare material from different CsC1 gradient fractions in order to examine viral R N A and assess contaminating viral DNA. R N A (3 txg) extracted from biopsy specimens was fractionated according to size on 1-3~ agarose gels containing formaldehyde, transferred to nitrocellulose and hybridized with radioactively labelled viral D N A as described in Methods. Fig. 3 shows examples of the hybridization patterns obtained. Lane 3 represents R N A collected from denser fractions of the gradient equivalent to fractions 2 to 5 as shown in Fig. 1 . Lane 4 represents R N A collected from less dense fractions equivalent to lanes 6 and 7 in Fig. 1 . Northern analysis as shown in Fig. 3 was evident in electrophoretic analysis as discussed above and shown in Fig. 1 . Minimal contamination with viral D N A was evident in the fractions of the gradient containing R N A (e.g. lanes 3, 5 and 8) used for the dot blot hybridizations described below. In each of these R N A preparations, hybridization was predominantly to a band of approximately 1200 nucleotides in length, but the intensity of hybridization varied in different gradient fractions. The fractions represented in lanes 5 and 6 and in lanes 7, 8 and 9 are t y p i c a l examples. Control hybridizations to R N A extracted from human placenta and to R N A from uninfected respiratory tract epithelium, collected as an autopsy specimen from a child with laryngeal papillomatosis, were negative in dot blots and Northern analysis.
Relative quantities of viral RNA in respiratory papillomata
Dot blot hybridizations (White & Bancroft, 1982) were used to determine whether R N A extracted from lesions induced by HPV-6c contained a different amount of viral R N A to that from lesions induced by HPV-6d, -6e, and -6f. The relative quantities of viral R N A were assessed by spotting onto nitrocellulose filters 1.0 ~tg of total R N A that had been determined by Northern analysis to be relatively free of D N A contamination. The filters were hybridized with a subtype-specific probe as described in Methods. Fig. 4 shows hybridization of dot blots to demonstrate the range of hybridization observed. Duplicate dot blots were hybridized with an HPV-6c (a) and an HPV-6e probe (b). Indicated on the left of Fig. 4 is the HPV subtype that induced the lesion from which the R N A samples on the dot blots were extracted. Each dot in set (a) contained R N A from the same lesion as the corresponding dot in set (b). Hybridization of R N A from HPV-6c-induced lesions with pHP6c/gt and hybridization of R N A from HPV-6d-, -6e-and -6f-induced lesions with pHP6e/gt showed that the amount of total cellular R N A that is virus-coded extends over the same range for HPV-6c papillomata as it did for the papillomata induced by the other three HPV-6 subtypes. Differences in the intensity of hybridization of the HPV-6e probe to filters containing RNA extracted from HPV-6d-and -6f-induced lesions are a result of quantitative differences and not sequence divergence, since filter hybridizations using the same stringency and heteroduplex analysis by electron microscopy of HPV-6 genomes have not detected regions of non-homology between HPV-6e and HPV-6d or -6f. A reconstruction experiment was performed to assess the amount of viral RNA that would give a signal; 1 pg of HPV RNA was the smallest amount that was detectable. As shown by the examples presented in Fig. 4 , the proportion of viral RNA in HPV-6c-induced lesions was, on average, higher than for other HPV-6-induced lesions, as indicated by intensity of hybridization. Relative amounts of viral RNA were assessed quantitatively by rehybridizing the filters with a human 28S ribosomal DNA probe and the numerical results correspond to what is visually shown in the examples of Fig. 4 . The relative amount of viral RNA in HPV-6c-induced lesions was approximately twice that in HPV-6d-, -6e-or -6f-induced lesions. To control for variations in the level of hybridization in different experiments, hybridizations were carried out with three sets of duplicate filters containing overlapping samples from both HPV-6c-and HPV-6e-induced lesions.
Differential hybridization with subtype-specific probes
The results presented in Fig. 4 show that there was differential hybridization to the dot blots with the subtype-specific probes. HPV-6c probes hybridized more strongly to RNA extracted from HPV-6c-induced lesions, although hybridization with the HPV-6e probe was still detectable. Similarly, hybridization with an HPV-6e probe to RNA extracted from HPV-6d-, -6e-or -6f-induced lesions was stronger than with the HPV-6c probe. These results suggest that the majority of the viral RNA in respiratory papillomata is transcribed from regions of sequence divergence between HPV-6e and HPV-6c.
Northern analysis with subtype-specific probes confirmed the differential hybridization seen in the dot blots and demonstrated differential hybridization to the major RNA species of 1200 nucleotides. Fig. 5 is an autoradiogram of a Northern analysis in which 3.0 gg of RNA extracted from biopsy specimens was fractionated according to size as described above; this shows hybridization to papilloma RNA preparations from four different HPV-6c-induced lesions. The RNA in lanes 2, 3, 4 and 5 was hybridized with an HPV-6c probe and in lane 1 hybridization was with an HPV-6e probe. Lanes 1 and 2 contained RNA from the same lesion. The hybridization signal in lane 2 was much stronger than that in lane 1 although in both cases hybridization occurred predominantly to the 1200 nucleotide band.
A Northern analysis was performed on RNA extracted from lesions induced by HPV-6d and HPV-6f, which are also known to infect the respiratory tract, to investigate whether virusencoded transcripts of similar size were present in lesions induced by different HPV-6 subtypes. RNA preparations from 21 lesions were examined and evidence of hybridization to a transcript of 1200 nucleotides was seen in 15 cases. RNA produced in infections by each of the four subtypes had a band of hybridization at approximately 1200 nucleotides and in each of the subtypes this band was the most abundant species.
DISCUSSION
In this paper we analysed the replicative and transcriptional activity of HPV-6 in respiratory tract papillomata. We examined viral transcripts in these lesions to begin an identification of viral gene products that may be important in the pathogenesis of HPV-6 infection. To extract DNA and RNA from respiratory tract lesions, it was necessary to alter the published CsC1 centrifugation methods of Glisin et al. (1974) and Chirgwin et al. (1979) . First, a layer of denser CsCI was added at the bottom of the centrifuge tube to prevent the RNA from pelleting, thereby facilitating recovery. Second, the tissue homogenate was layered in a small volume because of the small size of the biopsy specimens. Finally, conditions were adjusted to allow dissociated lipids and proteins to rise to the top of the tube by placing a layer of low density CsC1 with 6.0 iguanidinium isothiocyanate above the tissue homogenate. These modifications gave quantities Dot blot analysis demonstrated that, in comparison to the amount of 28S r R N A , the amount of viral R N A in lesions induced by each of the four subtypes also varied over a wide range. However, on average, there was approximately twice as much viral R N A in HPV-6c-induced lesions as in HPV-6d-, -6e-or-6f-induced lesions. A more limited comparison can be made using only HPV-6c-and HPV-6e-induced lesions to eliminate concerns with non-homologous probes, with the same conclusion being drawn. Although there is more viral R N A in HPV-6c-induced lesions, it seems unlikely that HPV-6c infections are more common or more severe solely as the result of greater viral replicative and transcriptional activity.
Hybridization of RNA from HPV-6c-induced lesions with HPV-6c DNA gave a much stronger signal than hybridization of the same RNA with an HPV-6e probe. Conversely, hybridization of RNA from HPV-6d-, -6e-or -6f-induced lesions with an HPV-6e probe gave a much stronger signal than hybridization of the same RNA with an HPV-6c probe. Therefore we hypothesize that it may be a difference in the protein or proteins encoded by the viral RNA that is responsible for the different severity of disease induced by the different HPV-6 subtypes since the differential hybridization probably indicates that the predominant RNA species are transcribed from parts of the genome that show sequence divergence between subtypes. Heteroduplex analysis by electron microscopy of the four HPV-6 subtypes which we have molecularly cloned has identified three regions of sequence divergence between HPV-6c and the other three subtypes (L. Metcalfe & P. Mounts, unpublished results) . The region of E2, E4, E5a and E5b to which we have mapped the 1200 nucleotide transcript, as discussed below, demonstrates approximately 28 ~o base differences between HPV-6c and HPV-6e. These results are similar to the electron microscopic analyses of DNA heteroduplexes between HPV-6b and HPV-11 by , who reported the least homologous region to be E5 and all :regions to be more than 60~ homologous. Our restriction enzyme mapping (S-L. Chen & P. Mounts, unpublished results) and heteroduplex analyses (L. Metcalfe & P. Mounts, unpublished results) in comparison to the sequence data for HPV-6b (Schwarz et al., 1983) and HPV-11 (Dartmann et al., 1986) which demonstrate 82 ~ homology between HPV-6b and HPV-11, and the heteroduplex analyses of , indicate that HPV-6c and HPV-11 are probably independent isolates of the same HPV-6 subtype.
Northern analysis detected a predominant viral transcript of about 1200 nucleotides in length in lesions induced by each of the four subtypes although more specimens infected with HPV-6d and HPV-6f need to be examined. No hybridization to this size class was detectable in controls using RNA prepared from human liver, placenta or grossly normal respiratory epithelium. This 1200 nucleotide transcript may correspond to the 1.4 kb transcript seen by Lehn et al. (1984) in HPV-6-containing condylomata acuminata, and to the El-E4 cDNA isolated by Nasseri et al. (1987) from a genital wart induced by HPV-11. Their sequence analysis demonstrated a joining of part of ORF E1 to this region of E4, E5a and E5b. Hybridization with subgenomic probes was used to map the 1200 nucleotide transcript in RNA extracted from HPV-6e-induced lesions (Ward et al., 1987) . Hybridization was obtained with a probe that extended from the 3' end of ORF E1 to the 5' end of L2 and contained E2, E4, E5a and E5b.
It has not yet been shown in any system that the predominant transcript is responsible in whole or in part for the effects of the virus on cell growth and morphology. Identification of viral gene products in respiratory papillomata will require the isolation and characterization of cDNA clones that can be used to assay for biological activities in epithelial cells in vitro.
